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ˆ¸¸²¥¤μ¢ ´¨¥ · ¤¨ Í¨μ´´μ° ¸Éμ°±μ¸É¨ Si- ¨ SiC-¤¥É¥±Éμ·μ¢ ´  ¶ÊÎ±¥ ¨μ´μ¢ •¥

	·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨Ö Ì · ±É¥·¨¸É¨± ¤¥É¥±Éμ·μ¢ ´  μ¸´μ¢¥
±·¥³´¨Ö (Si) ¨ ± ·¡¨¤  ±·¥³´¨Ö 4�-SiC ¶·¨ μ¡²ÊÎ¥´¨¨ · §²¨Î´Ò³¨ ¨´É¥£· ²Ó-
´Ò³¨ ¶μÉμ± ³¨ ¨μ´μ¢ ±¸¥´μ´  (Xe). �¡²ÊÎ¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ´  Í¨±²μÉ·μ´¥
IC-100 ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �.”²¥·μ¢  �ˆŸˆ. 	μ± § ´μ, ÎÉμ
ÊÌÊ¤Ï¥´¨¥ · ¡μÉμ¸¶μ¸μ¡´μ¸É¨ SiC-¶. ¶. ¤. ´ ¸ÉÊ¶ ¥É ¶·¨ ¡μ²¥¥ ¢Ò¸μ±¨Ì ¤μ§μ¢ÒÌ
´ £·Ê§± Ì, Î¥³ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ Si-¤¥É¥±Éμ·μ¢.
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Investigation of Radiation Hardness of Si and SiC Detectors by Xe Ion Beam

The properties of silicon and silicon carbide (SiC) detectors after their irradiation
by different doses of xenon ions are presented. The irradiation of detectors was
carried out at the IC-100 cyclotron at the Flerov Laboratory of Nuclear Reactions
of JINR. It is shown that the degradation of spectroscopy characteristics of SiC
detectors takes place at higher dose than the similar Si detectors used at experiments.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems, JINR.
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Š·¥³´¨¥¢Ò¥ ¶μ²Ê¶·μ¢μ¤´¨±μ¢Ò¥ ¤¥É¥±Éμ·Ò (Si-¶. ¶. ¤.), ±μÉμ·Ò¥ Ï¨·μ±μ
¨¸¶μ²Ó§ÊÕÉ¸Ö ¢ Ë¨§¨±¥ ´¨§±¨Ì ¨ ¢Ò¸μ±¨Ì Ô´¥·£¨°, ¤μ¸É ÉμÎ´μ ÎÊ¢¸É¢¨É¥²Ó´Ò
± · ¤¨ Í¨μ´´Ò³ ¶μ¢·¥¦¤¥´¨Ö³. 	·¨ ¶·μÌμ¦¤¥´¨¨ ¨μ´¨§¨·ÊÕÐ¥° Î ¸É¨ÍÒ
¢ ¡ §μ¢μ³ ³ É¥·¨ ²¥ ³μ£ÊÉ ¢μ§´¨± ÉÓ ´ ·ÊÏ¥´¨Ö ±·¨¸É ²²¨Î¥¸±μ° ·¥Ï¥É±¨:
¸³¥Ð¥´¨Ö ¨ ¢Ò¡¨¢ ´¨Ö  Éμ³μ¢ ¨§ Ê§²μ¢ ·¥Ï¥É±¨, ¨§³¥´¥´¨¥ ¨§μÉμ¶´μ£μ ¸μ-
¸É ¢  ¢ ·¥§Ê²ÓÉ É¥ Ö¤¥·´ÒÌ ·¥ ±Í¨°. „ ´´Ò¥ ¶·μÍ¥¸¸Ò ¶·¨¢μ¤ÖÉ ± μ¡· §μ¢ -
´¨Õ Í¥´É·μ¢ § Ì¢ É  ¨ ·¥±μ³¡¨´ Í¨¨ ´μ¸¨É¥²¥° § ·Ö¤ ,   É ±¦¥ ± ¨§³¥´¥´¨Õ
¨Ì ÔËË¥±É¨¢´μ° (¤μ´μ·´μ°,  ±Í¥¶Éμ·´μ°) ±μ´Í¥´É· Í¨¨. �μ²ÓÏ¨¥ ¤μ§Ò μ¡-
²ÊÎ¥´¨Ö ¶. ¶. ¤. ¶·¨¢μ¤ÖÉ ± § ³¥É´μ³Ê ÊÌÊ¤Ï¥´¨Õ Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö
¨ Ê³¥´ÓÏ¥´¨Õ  ³¶²¨ÉÊ¤Ò ¸¨£´ ² , ÎÉμ, ¸μμÉ¢¥É¸É¢¥´´μ, μ¡Ê¸²μ¢²¥´μ Ê³¥´Ó-
Ï¥´¨¥³ ¢·¥³¥´¨ ¦¨§´¨ ´μ¸¨É¥²¥° ¨ ´¥¶μ²´Ò³ ¸μ¡¨· ´¨¥³ § ·Ö¤ .

‚ ¶μ¸²¥¤´¨¥ £μ¤Ò ¤²Ö ¸μ§¤ ´¨Ö · ¤¨ Í¨μ´´μ ¸Éμ°±¨Ì ¶·¨¡μ·μ¢  ±É¨¢´μ
¶·¨³¥´Ö¥É¸Ö ± ·¡¨¤ ±·¥³´¨Ö (¶μ²¨É¨¶ 4�-SiC) [1, 2]. 
Éμ μ¡Ê¸²μ¢²¥´μ É¥³,
ÎÉμ ¤ ´´Ò° ³ É¥·¨ ² ¶μ ¸· ¢´¥´¨Õ ¸ ±·¥³´¨¥³ ¨³¥¥É ¡�μ²ÓÏ¨¥ §´ Î¥´¨Ö Ï¨-
·¨´Ò § ¶·¥Ð¥´´μ° §μ´Ò (¢ 3 · § ) ¨ ¶μ·μ£μ¢μ° Ô´¥·£¨¨ ¤¥Ë¥±Éμμ¡· §μ¢ ´¨Ö
(¢ 2 · § ).

‚ · ¡μÉ¥ ¨¸¸²¥¤μ¢ ²¨¸Ó Ì · ±É¥·¨¸É¨±¨ ¤¥É¥±Éμ·μ¢ ´  μ¸´μ¢¥ ±·¥³´¨Ö
(Si) ¨ ± ·¡¨¤  ±·¥³´¨Ö 4�-SiC ¶·¨ μ¡²ÊÎ¥´¨¨ · §²¨Î´Ò³¨ ¨´É¥£· ²Ó´Ò³¨ ¶μ-
Éμ± ³¨ ¨μ´μ¢ ±¸¥´μ´  (Xe). �¡²ÊÎ¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ´  Í¨±²μÉ·μ´¥
IC-100 ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �.”²¥·μ¢  �ˆŸˆ [3].

•���Š’…�ˆ‘’ˆŠˆ „…’…Š’���‚

„²Ö ¨§³¥·¥´¨° ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¶μ ¤¢  ¤¥É¥±Éμ· : ´  μ¸´μ¢¥ Si ¨ SiC.
Si-¤¥É¥±Éμ·Ò ¨§£μÉμ¢²¥´Ò ¶μ ¶² ´ ·´μ° É¥Ì´μ²μ£¨¨ [4] ¨§ ±·¥³´¨Ö n-É¨¶ 

(¸ Ê¤¥²Ó´Ò³ ¸μ¶·μÉ¨¢²¥´¨¥³ ρ ≈ 6 ±�³ · ¸³). ‚Ò¶·Ö³²ÖÕÐ¨¥ ¨ μ³¨Î¥¸±¨¥
±μ´É ±ÉÒ Ëμ·³¨·μ¢ ²¨¸Ó ¨³¶² ´É Í¨¥° ¡μ·  ¨ Ëμ¸Ëμ·  (Éμ²Ð¨´μ° ®³¥·É-
¢μ£μ¯ ¸²μÖ ¸μ ¸Éμ·μ´Ò p−n-¶¥·¥Ìμ¤  60 ´³). „¥É¥±Éμ·Ò ¨³¥²¨  ±É¨¢´ÊÕ
¶²μÐ ¤Ó 8× 8 ³³ ¨ Éμ²Ð¨´Ê 300 ³±³.

SiC-¤¥É¥±Éμ·Ò [5, 6] ¡Ò²¨ ¨§£μÉμ¢²¥´Ò ¢ 
²¥±É·μÉ¥Ì´¨Î¥¸±μ³ ¨´¸É¨-
ÉÊÉ¥ (‘²μ¢ Í± Ö  ± ¤¥³¨Ö ´ Ê±, �· É¨¸² ¢ ) ´  μ¸´μ¢¥ Ô¶¨É ±¸¨ ²Ó´μ£μ ¸²μÖ
4H-SiC n-É¨¶  ¶·μ¢μ¤¨³μ¸É¨, ±μÉμ·Ò° ¡Ò² ¶μ²ÊÎ¥´ ³¥Éμ¤μ³ Ô¶¨É ±¸¨ ²Ó´μ£μ
¢Ò· Ð¨¢ ´¨Ö ¨§ ¦¨¤±μ° Ë §Ò ´  ¶·μ¢μ¤ÖÐ¨Ì n+-¶μ¤²μ¦± Ì 4H-SiC Ë¨·³Ò
®L.P.E.¯ (ˆÉ ²¨Ö). „¨ ³¥É· ¨¸Ìμ¤´μ° ¶μ¤²μ¦±¨ 3′′, Éμ²Ð¨´  350 ³±³, ±μ´-
Í¥´É· Í¨Ö ¶·¨³¥¸¨ ∼ 2 · 1018 ¸³−3. ‘μ§¤ ´´Ò¥ Ô¶¨É ±¸¨ ²Ó´Ò¥ ¸²μ¨ ¨³¥²¨
Éμ²Ð¨´Ê 102 ³±³ ¨ ±μ´Í¥´É· Í¨Õ ¤μ´μ·´μ° ( §μÉ´μ°) ¶·¨³¥¸¨ 2 ·1014 ¸³−3.
„¥É¥±Éμ·Ò ¨§£μÉ ¢²¨¢ ²¨¸Ó ´  μ¡· §Í Ì · §³¥·μ³ 6× 6 ³³. ‚Ò¶·Ö³²ÖÕÐ¨¥
±μ´É ±ÉÒ ∅ 1,4 ³³ ¸μ§¤ ¢ ²¨¸Ó ¢ ±ÊÊ³´Ò³ ´ ¶Ò²¥´¨¥³ ¤¢μ°´μ£μ ¸²μÖ ¨§ Ni
¨ Au ¸μμÉ¢¥É¸É¢¥´´μ Éμ²Ð¨´μ° 40 ¨ 80 ´³. �³¨Î¥¸±¨° ±μ´É ±É ¨§£μÉ ¢²¨-
¢ ²¸Ö  ´ ²μ£¨Î´Ò³ μ¡· §μ³, ¶·¨ ÔÉμ³ ´ ¶Ò²¥´¨¥ ¶·μ¢μ¤¨²μ¸Ó ´  ¢¸Õ § ¤´ÕÕ
¶μ¢¥·Ì´μ¸ÉÓ μ¡· §Í .
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�  μ¸´μ¢¥ ¨§³¥·¥´´ÒÌ ¢μ²ÓÉ- ³¶¥·´ÒÌ ¨ ¢μ²ÓÉ-Ë · ¤´ÒÌ Ì · ±É¥·¨¸É¨±
¡Ò²μ Ê¸É ´μ¢²¥´μ, ÎÉμ · ¡μÎ¥¥ ´ ¶·Ö¦¥´¨¥ ´  Si- ¨ SiC-¤¥É¥±Éμ· Ì ¸μ¸É ¢²Ö¥É
¸μμÉ¢¥É¸É¢¥´´μ 40 ¨ 120 ‚. „²Ö ¢¸¥Ì ¤¥É¥±Éμ·μ¢ ¨¸Ìμ¤´μ¥ Ô´¥·£¥É¨Î¥¸±μ¥
· §·¥Ï¥´¨¥, ¨§³¥·¥´´μ¥ ¤²Ö α-Î ¸É¨Í ¸ Ô´¥·£¨¥° E ≈ 5,5 ŒÔ‚, ´¥ ¶·¥¢ÒÏ ²μ
25 ±Ô‚.

Œ…’�„ˆŠ� ˆ �…‡“‹œ’�’› ˆ‡Œ…�…�ˆ‰

�¡²ÊÎ¥´¨¥ μ¡· §Íμ¢ ¶·μ¢μ¤¨²μ¸Ó ¶ÊÎ±μ³ ¨μ´μ¢ 132Xe26+ ¸ Ô´¥·£¨¥°
165 ŒÔ‚. ‘Ì¥³  ¨§³¥·¥´¨° ¤²Ö μ¶·¥¤¥²¥´¨Ö · ¤¨ Í¨μ´´μ° ¸Éμ°±μ¸É¨ ¤¥É¥±-
Éμ·μ¢ ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 1. „¥É¥±Éμ·Ò · §³¥Ð ²¨¸Ó ¢ ¢ ±ÊÊ³´μ° ± ³¥·¥.

�¨¸. 1. ‘Ì¥³  ¨§³¥·¥´¨°:
1 Å ¤¥É¥±Éμ·; 2 Å ±μ²²¨³ -
Éμ·; 3 Å α-¨¸ÉμÎ´¨± 226Ra

	ÊÎμ± ¨μ´μ¢ ¶μ¶ ¤ ² ´  ´¨Ì Î¥·¥§ ±μ²²¨³ Éμ·
∅ 6 ³³. ‚ ± ³¥·¥ ´  ¤μ¸É ÉμÎ´μ Ê¤ ²¥´´μ³ · ¸-
¸ÉμÖ´¨¨ μÉ É· ¥±Éμ·¨¨ ¶ÊÎ±  É ±¦¥ · §³¥Ð ²¸Ö
α-¨¸ÉμÎ´¨± 226Ra (Eα ≈ 4,8, 5,5, 6,0, 7,7 ŒÔ‚),
±μÉμ·Ò° ¨¸¶μ²Ó§μ¢ ²¸Ö ¤²Ö ¶μ¸ÉμÖ´´μ£μ É¥¸É¨-
·μ¢ ´¨Ö ¸É ¡¨²Ó´μ¸É¨ Ì · ±É¥·¨¸É¨± ¨¸¸²¥¤Ê¥-
³ÒÌ ¤¥É¥±Éμ·μ¢.

Si-¤¥É¥±Éμ·Ò μ¡²ÊÎ ²¨¸Ó ¨μ´ ³¨ •¥ ¸ ¨´É¥-
£· ²Ó´Ò³¨ ¤μ§ ³¨ μÉ 1,2·106 ¤μ 2,6·107 ¸³−2. � 
·¨¸. 2 ¶μ± § ´Ò ¸¶¥±É·Ò ¨μ´μ¢ •¥, ¨§³¥·¥´´Ò¥
μ¤´¨³ ¨§ Si-¶. ¶. ¤. ¶·¨ ¢´¥¤·¥´´ÒÌ ¤μ§ Ì 3,5·106

¨ 2,6 · 107 ¸³−2. ‚ ¶¥·¢ÒÌ ± ´ ² Ì ¸¶¥±É·μ¢ ´ -
¡²Õ¤ ÕÉ¸Ö α-¶¨±¨ μÉ É¥¸Éμ¢μ£μ ¨¸ÉμÎ´¨±  226Ra.
‚¨¤´μ, ÎÉμ ¸ Ê¢¥²¨Î¥´¨¥³ ¤μ§Ò μ¡²ÊÎ¥´¨Ö ¶·μ-
¨¸Ìμ¤¨É ÊÌÊ¤Ï¥´¨¥ Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö

(ΔE/E, £¤¥ ΔE Å 	˜	‚, E Å Ô´¥·£¨Ö) ¨ Ê³¥´ÓÏ¥´¨¥  ³¶²¨ÉÊ¤Ò ¸¨£-
´ ²  ´  Si-¤¥É¥±Éμ· Ì. ‚ É ¡². 1 ¶μ± § ´Ò Ê¸·¥¤´¥´´Ò¥ Ì · ±É¥·¨¸É¨±¨ ÔÉ¨Ì
¤¥É¥±Éμ·μ¢, μ¶·¥¤¥²¥´´Ò¥ ¸ ¶μ³μÐÓÕ ¨μ´μ¢ •¥ ¨ α-Î ¸É¨Í (Eα ≈ 7,7 ŒÔ‚)
¶·¨ · §´ÒÌ ¤μ§ Ì μ¡²ÊÎ¥´¨Ö.

SiC-¤¥É¥±Éμ·Ò μ¡²ÊÎ ²¨¸Ó ¨μ´ ³¨ •¥ ¸ ¨´É¥£· ²Ó´Ò³¨ ¤μ§ ³¨ μÉ 1,9 ·107

¤μ 2,3 · 109 ¸³−2. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ³ ±¸¨³ ²Ó´μ¥ §´ Î¥´¨¥ ¤μ§Ò ´ 

’ ¡²¨Í  1. • · ±É¥·¨¸É¨±¨ Si-¤¥É¥±Éμ·μ¢, ¶μ²ÊÎ¥´´Ò¥ ¶·¨ μ¡²ÊÎ¥´¨¨ ¨μ´ ³¨ •¥
¸ · §´Ò³¨ ¤μ§ ³¨

„μ§ , ¸³−2


´¥·£¥É¨Î¥¸±μ¥ “³¥´ÓÏ¥´¨¥
· §·¥Ï¥´¨¥ ΔE/E, %  ³¶²¨ÉÊ¤Ò ¸¨£´ ² , %
¨μ´Ò •¥ α-Î ¸É¨ÍÒ ¨μ´Ò •¥ α-Î ¸É¨ÍÒ

1,2 · 106 6 0,9 5 2

3,5 · 106 7 1,1 18 8
2,6 · 107 9 1,4 50 30
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�¨¸. 2. ‘¶¥±É·Ò ¨μ´μ¢ •¥, ¨§³¥·¥´´Ò¥ Si-¶. ¶. ¤. ¶·¨ ¤μ§ Ì 3,5 · 106 (1) ¨
2,6 · 107 ¸³−2 (2)

�¨¸. 3. ‘¶¥±É·Ò ¨μ´μ¢ •¥, ¨§³¥·¥´´Ò¥ SiC-¶. ¶. ¤. ¶·¨ ¤μ§ Ì 1,9 · 107 ¸³−2 (1) ¨
2,3 · 109 ¸³−2 (2)

¤¢  ¶μ·Ö¤±  ¡μ²ÓÏ¥, Î¥³ ¶·¨ μ¡²ÊÎ¥´¨¨ ±·¥³´¨¥¢ÒÌ ¤¥É¥±Éμ·μ¢. 
Éμ ¡Ò²μ
μ¡Ê¸²μ¢²¥´μ ¶μ¢ÒÏ¥´´μ° · ¤¨ Í¨μ´´μ° ¸Éμ°±μ¸ÉÓÕ ÔÉ¨Ì ¶·¨¡μ·μ¢. �  ·¨¸. 3
¶μ± § ´Ò ¸¶¥±É·Ò ¨μ´μ¢ •¥, ¨§³¥·¥´´Ò¥ μ¤´¨³ ¨§ SiC-¶. ¶. ¤. ¶·¨ ¢´¥¤·¥´´ÒÌ
¤μ§ Ì 1,9 ·107 ¨ 2,3 ·109 ¸³−2. Š ± ¨ ¤²Ö ±·¥³´¨¥¢ÒÌ ¸Î¥ÉÎ¨±μ¢, ´ ¡²Õ¤ ¥É¸Ö

3



’ ¡²¨Í  2. • · ±É¥·¨¸É¨±¨ SiC-¤¥É¥±Éμ·μ¢, ¶μ²ÊÎ¥´´Ò¥ ¶·¨ μ¡²ÊÎ¥´¨¨ ¨μ´ ³¨ •¥

„μ§ , ¸³−2


´¥·£¥É¨Î¥¸±μ¥ “³¥´ÓÏ¥´¨¥
· §·¥Ï¥´¨¥ ΔE/E, %  ³¶²¨ÉÊ¤Ò ¸¨£´ ² , %
¨μ´Ò •¥ α-Î ¸É¨ÍÒ ¨μ´Ò •¥ α-Î ¸É¨ÍÒ

1,9 · 107 5 1,1 6 3

2,3 · 109 15 2,9 37 32

¤¥£· ¤ Í¨Ö Ì · ±É¥·¨¸É¨± SiC-¤¥É¥±Éμ·μ¢, ´μ ¶·¨ ¡μ²¥¥ ¢Ò¸μ±¨Ì ¤μ§μ¢ÒÌ
´ £·Ê§± Ì. ‚ É ¡². 2 ¶μ± § ´Ò Ê¸·¥¤´¥´´Ò¥ Ì · ±É¥·¨¸É¨±¨ SiC-¤¥É¥±Éμ·μ¢,
μ¶·¥¤¥²¥´´Ò¥ ¸ ¶μ³μÐÓÕ ¨μ´μ¢ •¥ ¨ α-Î ¸É¨Í (Eα ≈ 7,7 ŒÔ‚) ¶·¨ · §´ÒÌ
¤μ§ Ì μ¡²ÊÎ¥´¨Ö.

‡�Š‹�—…�ˆ…

	·¥¤¸É ¢²¥´´Ò¥ Ì · ±É¥·¨¸É¨±¨ ¤¥É¥±Éμ·μ¢ ´  μ¸´μ¢¥ ±·¥³´¨Ö ¨ ± ·-
¡¨¤  ±·¥³´¨Ö, ±μÉμ·Ò¥ μ¡²ÊÎ ²¨¸Ó · §²¨Î´Ò³¨ ¨´É¥£· ²Ó´Ò³¨ ¶μÉμ± ³¨ ¨μ-
´μ¢ •¥ (E = 165 ŒÔ‚), ¶μ± §Ò¢ ÕÉ, ÎÉμ · ¤¨ Í¨μ´´ Ö ¸Éμ°±μ¸ÉÓ SiC-¶. ¶. ¤.
§´ Î¨É¥²Ó´μ ¢ÒÏ¥, Î¥³ Si-¤¥É¥±Éμ·μ¢. ‘²¥¤μ¢ É¥²Ó´μ, SiC-¤¥É¥±Éμ·Ò ³μ£ÊÉ
¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´Ò ¤²Ö ¤²¨É¥²Ó´μ£μ ³μ´¨Éμ·¨·μ¢ ´¨Ö ¶ÊÎ±μ¢ ÉÖ¦¥²ÒÌ ¨μ´μ¢
¢ ¶·¨±² ¤´ÒÌ § ¤ Î Ì [3].
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